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FOR E W OR D 

This  note d e s c r i b e s  TIRADE - - TIKOS Attitude Uata Lncoder .  

TIRADE employs the CDC 160-A c o m p u t e r s ,  p re sen t ly  in  u s e  a t  the  f ie ld  

s t a t ions ,  f o r  automatic  reduction of the V-scanner  a t t i tude data.  Horizon 

da ta  f r o m  the  V-scanner  voltage t r i g g e r s  is fed to the 160-A through a 

computer  coni ro i ied  in t e r f ace  unit. 

the in t e r f ace  uni t ,  the 160-A computer c a n  a l s o  be employed fo r  r e a l - t i m e  

reduct ion  and pr intout  of the  housekeeping t e l e m e t r y  da ta .  

With a s m a l l  addi t ion of c i r c u i t r y  to 
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TIROS ATTITUDE DATA ENCODER ' 

(TIRADE) 

1. Introduction 

Attitude data  f r o m  the TIROS Wheel will  be avai lable  in  the form. of 

different ia ted hor izon  scanne r  outputs,  t e l e m e t e r e d  in  r e a l  t i m e  to  the CDA 

stat ions.  

on  the ground to  de t e rmine  the t ime of ea r th - sky  and  sky-ea r th  t r ans i t i ons .  

T h e s e  t i m e s  can then be elnplojred to  produce  a r o i l  h i s to ry  of the sa te l l i t e  f o r  

the pe r iod  during which the data  i s  r ece ived  by the ground s ta t ion.  S ine -cu rve  

fits to the r o l l  data then enable a predict ion of the sp in  a x i s  att i tude.  

The  dual-channel  horizon scanne r  outputs a r e  fed to voltage t r i g g e r s  

The  most desirable  f o r m  of t iming data  for  the hor izon  c r o s s i n g s  is 

one in which the time of any horizon c ross ing  can  be r e l a t ed  to that  of any 

o ther .  

hor izon  c ross ings  (events )  encountered ( s k y - e a r t h  and ea r th - sky  for  each  of 

the two channels) .  

enced i n  absolute  t i m e ,  although with l e s s  p rec i s ion  thac  is r e q u i r e d  f o r  the 

r e l a t ive  event t iming. 

Thus re la t ive  t i m e  should be avai lable  f o r  each  of the four  types of 

Additionally, the en t i r e  sequence of events  m u s t  be r e f e r -  0 

The t ime  re ferenc ing  of the horizon events  is eas i ly  done using the 

CDC 1 6 0 - A  computer .  

pu l se s  f ron:  the Schmit t  c i rcu i t s  feed the computer  through a spec ia l  i n t e r f ace  

uni t  along with 1000 cps pulses  f rom the M a s t e r  Clock. 

s e t  up i n  the 160-A and events and clock pulses  a r e  continuously r e a d  into 

the computer .  

each  t ime  a n  event is detected.  

s e l e c t e d  event whose t ime  of occur rence  i s  accu ra t e ly  known. 

s torage  of the clock time for  this  event then allows all events  to be  r e f e r e n c e d  

in  absolute  t ime .  

In the TIRADE s y s t e m ,  events  in the f o r m  of t r i g g e r  

A clock r e g i s t e r  is  

The  computer  p r o g r a m  s t o r e s  the contents  of the clock r e g i s t e r  

An additional input to the computer  is s o m e  

The  compute r  

Af te r  the complet ion of the V-scanner  telc-netr)- for a s ingle  o rb i t ,  

the  event  t imes  a r e  punched on paper  tape by the i 6 0 - A  i o r  te le type t r a n s -  

m i s s i o n  to  Goddard Space Fl ight  Center .  
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2.  Input Data 

It is a s s u m e d  that  each  of the four types of events  will  be avai lable  

f r n m  t h e  g e n s n r  channpls ;CF. t h e  fii~t_pijt 

The ,T,zxiL.L.crl event be fifti.-& .-.- c -  - - _ _  L - 

3 s c h - ~ ~ i t t  trinr~er 92 2 ~ e r ) z / z t e  I i ~ e .  
V Y  

- - - - - - - - - - - - - - - - 

C ' C V U  c v c i l L 3  p c i  * i i ; i ~ u L c ,  CUI respoiidliig 

t o  a sa te l l i t e  spin r a t e  of 13 r p m .  

capable  of driving s o m e  200 f e e t  of shielded wi re .  

sui tably buffered to  d r i v e  200 feet  of shielded w i r e  is also assaxxed to  be 

avai lable .  

The  Schmit t  t r i g g e r  c i r c u i t s  m u s t  be 

A 1 ,  000 cps  clock s o u r c e ,  

An additional input is r equ i r ed  to provide  a n  absolu te  t i m e  r e f e r e n c e  

Th i s  c a n  be any event(such a s  the A l a r m  One s igna l )  whose f o r  the events .  

t i m e  of o c c u r r e n c e  is known accura t e  to  1 - 2  seconds  and which o c c u r s  during 

the time in  which pu l ses  f r o m  the 1000 cps  clock s o u r c e  a r e  avai lable  to  the  

computer .  

3. Determinat ion of Event  T imes  Using the CDC 160-A Computer  

3. 1 Gene ra l  

Event  t i m e s  ? r e  de te rmined  in the 160-A by set t ing up a clock r e g i s t e r  

which is inc remen ted  each  t ime  a clock pulse  is s e n t  to the computer  i n t e r -  

face  unit; Events ,  in the  forrn of output pu l se s  f r o m  the t r i gge r  c i r c u i t s ,  s e t  

flip-flops i n  the TIRADE in te r face  unit. With the a r r i v a l  of each  clock pulse ,  

the contents of the event flip-flops a r e  r e a d  into the compute r  and examined  

b y  the computer  p r o g r a m .  

r e g i s t e r  a r e  s t o r e d  in  m e m o r y  along with a code identifying the event  type. 

Since re la t ive  event t i m e  should be r e c o r d e d  with a r e a l  t ime  p r e c i s i o n  of 

t 1 mi l l i second,  two 160-A 12 bit m e m o r y  locat ions will  be r equ i r ed  f a r  each  

event  t i m e  and  i ts  ident i f ier  code. With a m a x i m u m  sa te l l i t e  readout  t i m e  of 

approximate ly  20 minutes .  1 , 040 events  would be r e c o r d e d  for  a 1 3  r p m  sp in  

r a t e ,  requi r ing  only 2 , 0 8 0  words of c o r e  m e m o r y .  

If any event  is  de tec ted ,  the contents of the clock 

- 

The  increment ing  of the clock r e g i s t e r  is begun a f t e r  the TIRADE 

p r o g r a m  is s e t  in opera t ion  and clock pu l ses  begin to  appea r  in  the  clock 

channel.  T h e  t i m e s  r eco rded  for  the events  a r e  r e l a t ive  to the t ime  a t  which 

the clock r eg i s t e r  increment ing  is begun. When a n  event  o c c u r s  on  the 
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r e fe rence  event l ine  which is known i n  absolute  t ime ,  i ts  re la t ive  t ime  allows 

all the r e c o r d e d  hor izon  events  to be r e fe renced  in absolute  t ime .  

s y s t e m  will  be capable of operat ing o n  data  i n  e i ther  a taped o r  d i r e c t  mode .  

The  

3. 2 Descr ip t ion  of In te r face  Equipment 

3. 2. 1 Input Requi rements  

Six s igna ls  f r o m  the ground s ta t ion  equipment  feed the in te r face  through 

approximate ly  200 fee t  of cable:  the four  hor izon  event  t r i g g e r s ,  a clock 

s o u r c e ,  and  the absolute  t ime r e fe rence  event.  

s e t  f l ip-flops through buffers in the in t e r f ace  equipment  if the t r i g g e r  r i s e  

t i m e s  a r e  0. 2 mic roseconds  o r  l e s s .  

will  p r e c e d e  each flip-flop. 

The  event  t r i g g e r s  can  d i r ec t ly  

With longer  r i s e  t i m e s ,  a pulse  s h a p e r  

The  clock channel  with 1 kc pulses feeds  a pu l se  g e n e r a t c r  which in  

t u r n  prcjdilses pu l se s  compatible with the  s y s t e m  modules .  

3 ,  2.  2 Ccmputer  Connection 

T h e  in te r face  unit is designed as  a s t anda rd  p e r i p h e r a l  unit f o r  the 

160-A. 

put c a b l e s  which l ink all of the other  p e r i p h e r a l  units to t h e  computer .  

I t  is a d d r e s s e d  and control led by the 160-_4 through the input and  out-  0 
CDC line leve ls  for  communication with ex te rna l  equipment  a r e  "l", 

-0. 5 v (t 0. 25  v) and  "0",-16 v (t 2 .  5 v). 

the  in t e r f ace  unit to  t r a n s f o r m  the in t e r f ace  logic leve ls  to the CDC levels  

and to provide  buffering between interface modules  and  the 1 /0  l ines .  

Level  ampl i f i e r s  a r e  included i n  - - 

3. 2. 3 System Operat ion 

P r i o r  to  rece ip t  of the event and  clock s igna l s ,  the TIRADE p r o g r a m  

is s t a r t e d  in  the 160-A. An EXC instruct ion sends  a 12-bi t  ex te rna l  function 

code to the TIRADE in te r face  unit accompanied  by a function r eady  s ignal .  

The  52XX code s e t s  one of the three  s e l e c t  f l ip-f lops (f igure 1) (52XX has  

been a r b i t r a r i l y  chosen  2nd m a y  be readi ly  changed i f  i t  conflicts with any 

o the r  ex te rna l  unit s e l e c t  code). 

d e t e r m i n e s  which of the se l ec t  f l ip-flops is se t .  

i n t e r f ace  unit a r e  permi t ted :  

- 

The lower  half of the function code 

T h r e e  functions for the 
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5201 Selec t  S ta tus  

5202 Se lec t  Input 

52.54 s e i e c t  ~ a r r .  " .  .. 
A function r eady  s igna l ,  accompanied by a Status  Se lec t  Code will  c l e a r  all 

the f l ip-f lops i n  the  TIRADE unit  and s e t  FF3 which t r i g g e r s  FF4, and  sends  

a n  "output r e s u m e "  to the computer .  

input r e q u e s t  to  the TIRADE unit which AND'd with the Status  Se lec t  output 

s e t s  the "input ready"  flip-flop. The computer  then r e a d s  the  word  on the 

input l i nes  which be  0000 

is tu rned  on. 

An INA ins t ruc t ion  then de l ive r s  a n  

i f  the  unit is functioning p rope r ly  and  the power 8 

Afte r  checking s t a tus ,  the computer  p r o g r a m  i s s u e s  a Se lec t  Input 

code which s e t s  FF2, and de l ivers  a n  "output r e s u m e "  s ignal  f r o m  FF4. 

INA ins t ruc t ion  i s  then i s sued  by the computer  causing a n  "input r e q u e s t ' '  to  

be s e n t  to  the  TIRADE unit. 

"input ready"  s igna l  until the  rece ip t  of a clock pulse .  

f l ip-f lop is s e t  when the clock pulse a r r i v e s  thus al lowing the 160-A to r e a d  

i n  a word  and pr0cee.d with the p rogram.  

to be inc remen ted  by one. 

input through a n  INA ins t ruc t ion .  

to  be inc remen ted ,  provided the ave rage  loop t ime  i s  l e s s  than the clock 

per iod .  

250 mic roseconds .  

An 

The  TIRADE unit will not respond with an  

The "input ready"  

Ingestion of a word  c a u s e s  a counter  

The p r o g r a m  then loops around and aga in  r eques t s  

Thus ,  ezch  clock pulse  c a u s e s  the counter  

The ave rage  tiArne for  execution of the loop i s  somewhat  l e s s  than 

Events  occur r ing  on one o r  m o r e  of the  input l ines  f r o m  the event  

t r i g g e r  c i r c u i t s  s e t  T h e s e  

in  t u r n  s e t  the cor responding  fl ip-flops FF14-FF17 and FF9 upon r ece ip t  of 

a clock pulse  p r i o r  to genera t ion  of a n  "input ready"  s ignal .  (Clock pulse  

t r i g g e r s  f r o m  FF6 a r e  delayed be fo re  being routed to  the input r eady  f i ip-  

flop). The  outputs of FF14-FF17 and FF9 a r e  de l ivered  to the 160-A 

input cable  and r e a d  by the Computer when the delayed clock pulse  s e t s  FF5. 

the appropr ia te  fl ip-flops FF1 0-FFI 3 and FF8. 

The end of the event  r e c o r d  i s  detected by noting the absence  of clock 

pu l ses .  

caus ing  PG2 to  t r igger .  

a n  "input ready" S O  that  the word  m a y  be r e a d  into the computer .  

The t i m e  de tec tor  following the pulse  gene ra to r  PG1 i s  de -ene rg ized  

This  c a u s e s  f l ip-f lop FF7 to be s e t  and produces  

(Clock 
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pu l ses  a r e  no longer  avai lable) .  

"1" i n  bit posit ion 11 and  jumps out of the loop to  the edit  rout ine.  

The  p r o g r a m  loop notes  the p r e s e n c e  of a 

3 .2 .4 .  TIRADE A l a r m  
~~~ ~~ 

Exper ience  with ground s ta t ion opera t ions  h a s  proved  tha t  a signall ing 

device to  a t t r a c t  the at tent ion of computer  o p e r a t o r s  is  v e r y  des i r ab le .  

Bendix G-15 was  s o  equipped (a bel l  alarm). Incorporat ion of p r o g r a m  

a d d r e s s a b l e  alarm in the TIRADE unit is eas i ly  accompl ished  and is shown 

in F i g u r e  1. 

Rese t  is  accompl ished  by a manual  push  button o r  by the execution of any 

E X F  code. 

T h e  

An A l a r m  Selec t  Code t r i g g e r s  F F l  which then c l o s e s  a re lay .  

4. TIRADE CDC 160-A P r o g r a m  

4. 1 G e n e r a !  Prcgrzr?,  S t ruc ture  

The  bas ic  TIRADE prograrn p e r f o r m s  the following tasks :  

(1)  

( 2 )  
( 3 )  output of the modified data  on paper  tape ,  magnet ic  

s to rage  of a t t i tude-sensor  event type and t ime;  

editing of the s tored  data;  

t ape ,  and  p r in t e r .  

F i g u r e  2 shows a flow d iag ram for this  bas ic  p r o g r a m .  

4.  2 T ime-and  Event -s torage  Capaci ty  

Storage of event type and t ime i s  r e s t r i c t e d  to two words  p e r  event ( s )  

r e c o r d .  Thus ,  in bank 1 alone the re  is r o o m  for  2047 events .  Once out-  

put f o r m a t s  a r e  specif ied and the consequent p r o g r a m  sec t ions  a r e  spe l led  

out ,  t h e r e  will undoubtedly be a good port ion of bank 0 avai lable  fo r  data  

s to rage .  

10 

Since four  bi ts  of each  two-word r e c o r d  w i l l  be devoted to  r eco rd ing  

event type ,  the bas ic  clock will consis t  of twenty bi ts .  This  gives  a n  o v e r -  

flow t i m e  of 2 'Oms.or  approximately 17-3 /4  min. An edit  rout ine is  used  

to  de tec t  overf low,  and thus the basic  c lock can  be expanded to any d e s i r e d  

capaci ty .  (Note that  the r ea l - t ime  r e f e r e n c e  which is supplied m u s t  c o m e  within 

17-3 /4  min. of the f i r s t  - o r  las t  - r e c o r d e d  event. ) 

- 
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TIRADE P r i m a r y  Word 

A B  C n A- ALL DATA STORlNG 
A f FIN SHED 

8- READ SECONDARY 
WORD 

C-EVENT TYPE 
Fig .  3 

D- ABSOLUTE TIME 
REFERENCE 

P r o v i d e d  that  the h igh-order  bi t  is  not p r e s e n t ,  the accepted  word  is given a 

z e r o  check ' '  to s e e  i f  any events have o c c u r r e d  in the l a s t  r e a l - t i m e  milli- I t  

second.  

and  p l aced  in  the high s to rage  a rea .  

s t o r e d  i n  the low s t o r a g e  a r e a .  

If s o ,  the word i s  lef t -shif ted,  coupled with eight high b i t s  of c lock ,  

The  cor responding  low-clock word  is 

5. F e a t u r e s  of the TIRADE System 

Event-t in:e de te rmina t ion  using the CDC 160-A of fers  the following 

advantage s : 

(1) Simplici ty  - The  only h a r d w a r e  construct ion i s  that  of the i n t e r -  

T h e  number  of f a c e  uni t ,  which is a s t anda rd  pe r iphe ra l  unit f o r  the 1 6 0 4 .  

components  is min ima l ,  a s su r ing  high re l iab i l i ty ,  e a s e  of a s sembly ,  and  

f r e e d o m  f r o m  "biigs". 

modules .  

All  in te r face  componcnts will bel s t anda rd  digital  

( 2 )  Optimum Output F o r m a t  - TIRADE will  keep t r ack  of,  and  wil l  

output ,  total  e lapsed  t ime  f r o m  s t a r t  of t iming c lock ,  r a t h e r  than the t i m e  

i n c r e m e n t s  between events  a s  in DTMD. 

e r r o r s  resu l t ing  f r o m  punch o r  t r le type  t r a n s m i s s i o n  e r r o r s .  

f o r m a t  is composed  by the computer ,  so  that it can  be i n  the f o r m  m o s t  

This  wi l l  avoid cumulati.ve t i m e  

The  output 
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L .  

acceptab le  to the NASA computers .  

( 3 )  Flexibi l i ty  - Since TIR. ' 3  
DE i s  essent ia l ly  a computer  i n t e r f a c e ,  

r a d i c a l  changes in  the c h a r a c t e r  of s ignif icance of the input data  should not 

r e q u i r e  any changes other  than to the  computer  p r o g r a m .  

impor t an t  for fu tu re  modifications of TIROS (el l ipt ic  o rb i t ,  e t c . ) ,  o r  w h e r e  

o the r  digi ta l  data  is being introduced. In pa r t i cu la r  , i f  d igi ta l  p rocess ing  

of g e n e r a l  t e l e m e t r y  i s  contemplated,  about 757'0 of TIRADE would be used  

in  the  resu l t ing  in t e r f ace  without any c o m p r o m i s e  of i t s  o r ig ina l  function. 

Th i s  m a y  be 

(4) Accuracy  - The design of TIRADE m a k e s  u s e  of the unique input 

c i r c u i t r y  of the CDC 160-A to  in su re  recogni t ion and t iming of events  to  one 

mi l l i s econd  of r e l a t ive  t ime .  

combination. 

of a n  event  imposs ib le .  

event  de t e rmines  the accurzcy of absolute  t i m e  re ferenc ing .  

provis ions  a r e  r e q u i r e d  for  an accuracy  of 1 - 2  seconds.  Use  of a s igna l  t aken  

f r o m  the RCA M a s t e r  Clock w i l l  make poss ib le  absolute  a c c u r a c y  approaching  

one mi l l i second,  which i s  far in  excess  of any ra t iona l  requi rement .  

6 .  

Events can  occur  with any f requency  and  i n  any 

Input buffering of each information l ine m a k e s  non-recogni t ion 

The  accu racy  of absolute  t i m e  of a se l ec t ed  r e f e r e n c e  

FJc! c n e r ; a l  -r - ---- 

Use of TIRADE Sys tem fo r  Digitizing of Housekeeping T e l e m e t r y  

6. 1 Introduction 

With the addition of l i t t l e  ha rdware  to the in t e r f ace  unit ,  the TIRADE 

s y s t e m  can  be used  to  digit ize the housekeeping t e l e m e t r y ,  p e r f o r m  s c a l e  

and p a r a m e t e r  convers ions ,  and  pr in t  out the r e s u l t s  in  n e a r  r e a l  t i m e .  

ac t ion ,  including the  output printing , can  occur  s imultaneously with the ho r i zon-  

event  t i m e  determinat ion.  

This  

F o r  the TIRADE s y s t e m ,  expanded to  include t e l e m e t r y  reduct ion ,  

one of the t e l e m e t r y  channels  which c a r r i e s  housekeeping data  i s  switched to 

the  input of a vol tage- to-digi ta l  conver te r .  The manner  in  which t r i g g e r s  

pu l se s  will  be  supplied to  the conver te r  depends on the exac t  na tu re  of the 

t e l e m e t r y  commuta tor  output and the expected signal-to-noise ra t io .  

output is in a s t anda rd  IRIG PAM output f o r m a t  (where  the output co r re spond-  

ing to  each  commuta tor  posi t ion is gated f o r  l e s s  than the t i m e  in t e rva l  be -  

tween adjacent  posi t ions and each output a p p e a r s  on a pedes t a l ) ,  a synchro -  

- 

If th i s  
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n iz ing pulse  t r a i n  can  be ex t r ac t ed  f r o m  the t e l e m e t r y  s igna l  and the con-  

v e r t e r  t r i g g e r e d  synchronously with the commuta to r  posi t ion advance.  

the  o the r  hand, with an output fo rma t  which does not a l low f o r  sync pu l se  

der iva t ion ,  the  t r i g g e r  pu l se s  for the conve r t e r  will  be provided  by counting 

down f r o m  the 1-KC clock source .  With e i the r  mode of opera t ion ,  the  con-  

v e r t e r  will  be t r igge red  s e v e r a l  t i m e s  fo r  a s ingle  commuta to r  swi tch  posi t ion 

to enable  noise  smoothing,  and  in the c a s e  of the second output f o r m a t  de -  

s c r i b e d  above,  to  a id  in  identifying change of switch posi t ion.  

On 

T r i g g e r  pulses  a r e  gated to the conve r t e r  when a s igna l  f r o m  the 

Command P r o g r a m m e r  indicates  the advent  of housekeeping t e l e m e t r y .  

t r i g g e r  pu l se s  will  then continue until  the computer  h a s  de t e rmined  that  a 

commuta to r  cycle  i s  complete .  

code which c l o s e s  the gate  fo r  the ~ ~ i i ~ ~ i - t ~ ~  t r igge r  pu l se s .  

The 

The computer  then i s s u e s  a n  ex te rna l  function 

An end-of-conversion pulse f r o m  the A-D conver t e r  s e t s  .a fl ip-flop 

whose  output feeds one of the bit posit ions of the p r i m a r y  (clock t r igge red )  

TIRADE word  fed to the computer  with each clock pulse .  

p r i m a r y  TIRADE word,  the output r e g i s t e r  of the conve r t e r  i s  gated to  the 

160 -A  input-cable  ampl i f i e r s  and the "input ready"  i s  enabled.  

computer  p r o g r a m  de tec ts  the p re sence  of ;c "1" in this  bi t  posi t ion,  a second 

INA is i s s u e d  to  TIRADE a t  the completion of the prev ious ly  desc r ibed  TIRADE 

loop,  and  the  conve r t e r  output ( secondary  TIRADE word)  i s  r e a d  into the  

computer .  The act ion desc r ibed  i s  p e r f o r m e d  so rapidly that  the n o r m a l  

TIRADE opera t ion  is undis turbed.  

After r ead in  of the - 

When the 

Ass ignment  of the  digit ized s a m p l e s  to specif ic  commuta tor  posi t ions 

is p e r f o r m e d  in the computer .  

is the m a r k e r - p u l s e  which occupies eve ry  tenth commuta tor  posit ion.  

p u l s e s  a r e  l a r g e r  in  ampli tude than the full s c a l e  voltage de l ivered  t o  the  

s u b c a r r i e r  o sc i l l a to r s  f o r  any of the data inputs.  

The bas i c  r e f e r e n c e  fo r  posi t ion identification 

M a r k e r  - 

Afte r  a complete  nine-second commuta tor  cyc le  i s  r e a d  into the 

compute r ,  a n  edit  rout ine identifies commuta tor  posi t ion,  s c a l e s ,  t r a n s  - 
l a t e s ,  or  o therwise  t r a n s f o r m s  the digital  values  for  the t e l eme t ry  into the 

a p p r o p r i a t e  p a r a m e t e r  fo rma t ,  and outputs the p a r a m e t e r s  along with the i r  

posi t ion number  on  the typewri te r  o r  p r i n t e r .  Thus ,  a c c e s s  t ime  to the 
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r educed  housekeeping data  i s  in  the o r d e r  of seconds  a f t e r  .a t e l e m e t r y  

commuta to r  cycle  is complete .  

6:  2 Equipment  Operat ion 

The  additional h a r d w a r e  r equ i r ed  to  adapt  TIRADE f o r  housekeeping 

da ta  reduct ion  is shown in  F igure  4. 

. . The d i sc r imina to r  output f o r  Beacon 1 o r  2 is manual ly  switched to  

the input of the analog-to-digi ta l  conve r t e r .  

c o n v e r t e r  a r e  shown depending on t h e  exac t  na tu re  of the t e l e m e t r y  c o m -  

m u t a t o r  output. The  f i r s t  method,  employed if s t anda rd  IRIG P A M  i s  u sed ,  

(pedes t a l  and  gated output) involves ex t rac t ing  synchronizing pu l ses  f r o m  

the P A M  d i sc r imina to r  output. 

by -5  counter  and s e t s  F F 2 2  allowing 100-cycle  pu l ses  to  p a s s  t h r u  the gate  

A I .  Af t e r  f ive p u l s e s ,  the counter r e s e t s  F F 2 2 ,  inhibiting A I .  ii A2 l l d b  

been opened by a s igna l  f r o m  the command p r o g r a m m e r ,  indicating t e l e m e t r y  

is imminen t ,  each  100-cycle pulse t r i g g e r s  the A-D conver t e r .  An "end-of- 

convers ion"  pulse  f r o m  the conver te r  then s e t s  F F 1 8 ,  and  the output of F F 1 8  

s e t s  F F l 9  upon r ecg ip t  of a r e a d  (clock)  pulse  in  the s a m e  m a n n e r  d e s c r i b e d  

previous ly  f o r  buffer t r a n s f e r .  

the CDC input cable  and i s  r e a d  into the computer  by the delayed clock pulse .  

F F 1 9  is r e s e t  when the computer  accep t s  the p r i m a r y  TIRADE data  word ,  

and th i s  r e s u l t s  in  the t r igger ing  of FF20 .  The output of F F 2 O  al lows the 

digi ta l  equivalent of the t e l eme t ry  to  be p a s s e d  to the CDC input cable  

a m p l i f i e r s ,  and opens  AND gate  A4 allowing a computer  "input r eques t ' '  to 

s e t  the  "input ready"  fl ip -flop FF5.  

Two methods  of t r i gge r ing  the  

The sync-de tec tor  output c l e a r s  the divide-  

The output of F F 1 9  feeds  bit  posi t ion 10 fo r  

When the computer  p r o g r a m  de tec ts  a "1" i n  bit posi t ion 10 ,  indicating 

tha t  the  d ig i t izer  h a s  been t r igge red ,  a n  INA ins t ruc t ion  is i s sued  and the 

compute r  r e a d s  in the secondary  TIRADE word  which is the data  on the input 

l ines .  Bi t s  0-9 of the secondary  word  a r e  the 10 bi ts  of output f r o m  the A-D 

conver t e r .  (Ten  b i t s  probably r e p r e s e n t s  m o r e  than the p rec i s ion  r equ i r ed  

for housekeeping data and  c a n  readi ly  be reduced) .  Bit  11 of the secondary  

w o r d  is t i ed  to the over load  output of the conve r t e r  and will  be fi l led with a 

one when an analog voltage exceeds the full  s c a l e  voltage of the conve r t e r .  

F u l l  s c a l e  will  be ad jus ted  to be g r e a t e r  than a commuta tor  information 

- 
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pu l se ,  but less than a m a r k e r  pulse.  

a marker pulse  r e s u l t s  in a "one" in  b i t  posit ion 11. 

the secondary wojru,  Fk' i3  15 r e s e t ,  and the c o m p u t e r  and ' T I K ~ D E  interf&ce 

a re  r eady  to  accept  the next clock pu l se  as  desc r ibed  previously.  

Thus  t r igge r ing  of the con r e r t e r  during 

After the compute r  r e a d s  

It c a n  be s e e n  that five digital s a m p l e s  will  be obtained f o r  each  

commuta to r  posit ion fo r  the mode of opera t ion  descr ibed .  

If the  t e l eme t ry  commutator  output does not p e r m i t  sync pu l se  e x t r a c -  

t ion,  t he  c i r c u i t r y  shown in  the dotted l ines  will be e l imina ted ,  a n d  the t r i g g e r  

output wil l  come  f r o m  "B", which is s imply  a continuous 100-cycle  pulse  t r a i n .  

In e i the r  mode  of Operation, the computer  p r o g r a m  p e r f o r m s  var ious  

t e s t s  t o  de t e rmine  how many  commuta tor  posi t ions have been digit ized. 

the da ta  fo r  the 88 commuta tor  posit ions have been r e a d  into the c o m p u t e r ,  

a n  exterr la i  function code t r igge r s  the monostable  r r ~ u l t i v i t r a t o r  &lid r e s e t s  

FF2 1 ,  e l iminat ing fu r the r  t r igger ing  of the conve r t e r .  

When 

6. 3 Select ion of T r igge r  Mode 

Of the  two modes  of t r igger ing  d e s c r i b e d ,  the  mode which u s e s  sync 

pu l ses  de r ived  from'the P A M  output i s  the e a s i e r  to  employ. 

no t e l e m e t r y  dropouts  and ,  consequently,  the computer  p r o g r a m  for  commuta tor  

Its  u se  a s s u m e s  

posi t ion a s s ignmen t  of the digitized samples  i s  s t ra ight forward .  

However ,  i f  nosey operat ion o r  dropouts  a r e  ant ic ipated in the t e l eme t r j -  

l ink,  the cons tan t - ra te  t r iggering of the conve r t e r  is the p re fe rab le  mode  of 

opera t ion .  

t e l e m e t r y  a r e  based  on fitting the t e l e m e t r y  t i m e  h is tory  to a c u r v e  whose 

behavior  is known a t  s e v e r a l  points in  sequence.  ( M a r k e r  pu l se ,  ca l ibra t ion  

poin ts ,  etc.  ). 

of va ry ing  commuta tor  clock f r equenc ie s ,  i f  the t e l e m e t r y  output is con-  

t inual ly  s a m p l e d  a t  a r a t e  high enough to e n s u r e  a c c u r a t e  r econs t ruc t ion  of 

the t e l e m e t r y  t ime  his tory.  

wil l  be adopted for  digitizing t e l eme t ry  housekeeping data.  

In gene ra l ,  the p rocedures  to be desc r ibed  to ove rcome  poor  

Th i s  type of curve fi t t ing can  be employed even i n  the p r e s e n c e  

Thus a cons t an t - r a t e  t r igger ing  of the conve r t e r  

13 
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6.4  CDC 160-A P r o g r a m  f o r  Handling Attitude Data and Housekeeping 

- T e l e m e t r y  

- .  .-. 6 .4 .  i. Frogra i i i  s z r x c t a r c  \k s j  

The expanded computer  p r o g r a m  needed to  handle housekeeping data  

r e t a i n s  the b a s i c  a t t i tude-event  loop desc r ibed  i n  sec t ion  4. 

loop a re  two m a i n  sect ions:  one to s t o r e  the housekeeping data  and the  o ther  

t o  edi t  and p r i n t  it .  

t e l eme t rycomes  into the TIRADE unit - -  o r  about  9 sec .  

wil l  t ake  no m o r e  than  90 s e c .  

the housekeeping data  wil l  be available for  inspect ion in  pr in ted  f o r m .  

Added to  th i s  

The s to rage  loop is  used  only as long a s  the housekeeping 

Editing and pr in t ing  

Thus within 1 - 1 / 2  min. of t he i r  t r a n s m i s s i o n ,  

6 . 4 . 2  S torage  of Housekeeping Data 

The TIRACE pr imary -word  1 2  Sit is f i r s t  f i l led (with a " I " )  wher, the 

Each  t i m e  the computer  finds this  IO-bit A - D  conver t e r  has  been t r iggered .  

f i l led i t  wi l l  a s k  f o r  a secondary  data  word.  

t i m e  in t e rva l s  ( eve ry  . 01 s e c )  will g rea t ly  faci l i ta te  the averaging  of house -  

keeping data .  

f ive data  sampl ings ,  and the ave rage  of each  sampling s e t  will  become one 

of the  eightly s t o r e d  information words .  

Fi l l ing the 10-bit  a t  constant  

F o r  each  commutator  posi t ion the re  will  be a n  a v e r a g e  of 

The  computer  wi l l  c a r r y  on this  p rocedure  until i t  has  s t o r e d  a 

complete  block of eighty words.  

to command  the TIRADE unit to s top  digit izing. 

rou t ine  and t u r n  on the edit /output sect ion.  

I t  wi l l  then i s s u e  a n  ex terna l  function code 

It will  a l s o  shut  off the s t o r e  

6.4.  3 P r o e r a m  Flexibil i tv 

The  flexibil i ty of in te rna l  logic checks can  provide sa fegua rds  aga ins t  

a va r i e ty  of mishaps  in data  t r ansmiss ion .  

sha l l  d i s c u s s  br ie f ly  a r e :  (1)  fa lse  m a r k e r  pu lses ;  ( 2 )  l o s s  of one o r  m o r e  of 

the  eightly information pu l ses ;  ( 3 )  l o s s  of one o r  m o r e  of the m a r k e r  pulses .  

P r o b l e m  1 can be solved by checking to  s e e  that  a f i r s t  m a r k e r  pulse  

T h r e e  bas ic  p rob lems  which we - 

is followed by a second and a third (etc .  ) a t  the p r o p e r  in t e rva l s .  

P r o b l e m  2 i s  avoided by specifying cons tan t - in te rva l  digit izing of 

t e l eme t ry .  Since digit izing of a given pulse  does not depend upon recept ion  
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of t he  prev ious  p u l s e ,  a full  set  of eighty informat ion  words  will  be gene ra t ed - -  

even  though s o m e  of them may  be e r roneous .  
‘ a  

P r o b l e m  3 demands  s t ronger  c o r r e c t i v e  m e a s u r e s  than  the o ther  two. 

T h e r e  shoiild be a logic check to  es tab l i sh  which appa ren t  m a r k e r  pulses a r e  

genuine and  to es tab l i sh  the “phase” of the da t a ,  i. e. , w h e r e  the m a r k e r -  

pu l se  c e n t e r s  are .  Then  if  the  computer  is left  with only a pa r t i a l  house-  

keeping r e c o r d ,  it can  s l ide  the r e c o r d  (a m a r k e r - p u l s e  in t e rva l  a t  a t i m e )  

and  check key housekeeping questions fo r  r easonab le  a n s w e r s .  

F ina l ly ,  in  the  event  of s e v e r e  s y s t e m  malfunction, the computer  c a n  

output the digit ized data  on a plot ter  fo r  human inspection. 

6.4.4 Editing and Print ing the Housekeeping Data 

Theat t i tude-event  loop will keep  the compute r  busy f o r  (at mos t )  

2 7 5  microseconds .  However ,  the t ime  between success ive  checks of the 

TIRADE p r i m a r y  word i s  1000 microseconds .  The computer  i s ,  t h e r e f o r e ,  

d ive r t ed  to working i t s  way through the housekeeping edi t /output  rout ine in  

700-microsecond in te rva ls  of t ime.  In f ac t ,  the bas ic -cyc le  t h e  of the 

160-A is such  tha t  the machine  is avai lable  for  long pe r iods  of t ime to 

p e r f o r m  any in t e rna l  logic functions which m a y  be des i r ed .  
0 
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